Introduction
Unhealthy alcohol use is consumption that is associated with negative health consequences, including abuse and dependence. It is a major public health concern and accounts for a significant portion of the disease burden in Switzerland and worldwide [1] [2] [3] [4] . Binge drinking and acute alcohol intoxication are associated with an increased risk of injuries, trauma, violence and other negative health outcomes, especially among young individuals [2, [5] [6] [7] . The burden of unhealthy alcohol use on hospitals is noteworthy. In an inner-city general hospital in the UK, 6 .2% of all admissions and 12% of accident and emergency admissions were due to alcohol-related problems. The proportion of accident and emergency visits due to alcohol-related problems reached 50% for individuals aged 18-39 [8] . Specifically, hospitalisations due to acute alcohol intoxications represent a burden for emergency department (ED) workers and account for a significant part of the resources in emergency departments [9, 10] . One study conducted in Bern, Switzerland showed an increase in hospital admissions for alcohol intoxication from 1.4% of all admissions in 2000 to 3.3% in 2007 [11] . In French-speaking Lausanne, the local media have reported a large increase in social problems and hospital admissions related to alcohol intoxication that corresponds to the clinical observations reported by ED staff. The challenges addressed by alcohol intoxication-related admissions to the ED system are complex, and characterising the phenomenon is important to developing adequate interventions and responses. A better understanding of the change over time of ED admissions related to alcohol intoxication, its sex and age distribution, and the characterisation of potential changes in the level of observed intoxications will yield information on what measures could be implemented. The media strongly focuses on young individuals (especially young males), but even if alcohol use has a strong disease burden on young men [1] , it remains to be determined whether or not the alcohol-related ED admissions are mainly observed in young men or are more generally spread across age and sex. Therefore we investigated the change in the number of admissions of patients with positive blood alcohol concentrations (BAC) to a large ED (including a level I trauma centre). We also evaluated the predictors of BAC level among patients with positive BAC.
Methods
The research is a single site retrospective study conducted at a tertiary referral university hospital. It was done at the Lausanne University Hospital that serves the Canton Vaud (population 720,000) in the western part of Switzerland. Over the 2002-2011 period, results for every BAC performed at the ED were collected retrospectively from the ED lab registry, except for court-ordered BAC that is unobtainable for legal reasons. The total number of patients admitted to the ED each year over the 10year period was identified from ED lab data and admission records. All admissions of patients aged 16 and over were included, regardless of type of admission or duration of stay. At the Lausanne facility, the ED physicians order all BAC based on clinical evaluation. There is no systematic screening procedure to identify individuals with unhealthy alcohol use, and the protocol for obtaining BAC did not change during the study period. All tests were analysed in the central lab of the Lausanne University Hospital. BAC were classified as negative (<2.2 mmol ethanol/l) or positive (≥2.2 mmol ethanol/l), according to the analytical detection method. Positive BAC were later transformed from [mmol of ethanol/l] to permille [g of ethanol/l, where 1 permille = 1 g of ethanol/liter of blood]. This method is often used in scientific publications and in news reports. It is also a useful way of interpreting BAC in clinical, legal and general populations. This research is part of a larger study on alcohol intoxication conducted at the Lausanne University Hospital. It has been approved by the Ethics Committee for Clinical Research of the Lausanne University Medical School (protocol 265/2013).
Analyses
We recorded the total number of ED admissions over the entire study period and determined the number of admissions with positive BAC for each year of observation between 2002 and 2011. Among positive BAC, we determined the sexual composition and the mean positive BAC in the full sample and by sex from 2002 to 2011. We also determined the absolute number of positive BAC by permille level (≤1, >1 to ≤2, >2 to ≤3, >3 to ≤4, >4). Patients could be admitted multiple times to the ED, so in order to assess the proportion of those admitted only once, we computed (for each year) the proportion of "single" admissions.
Outcomes
We considered three main outcomes: 1) proportion of ED admissions with positive BAC (positive BAC/total admissions), 2) proportion of admissions with BAC >2 permille (BAC>2 permille/all admissions with positive BAC), and 3) BAC level as a continuous measure.
Proportion of admissions with positive BAC
In order to investigate the association of time with the proportion of positive BAC admissions, Spearman rank correlations were computed between the numbers of admissions with positive BAC and the total number of admissions and time (year of observation between 2002 and 2011). To investigate the association further and to quantify changes over time, we used a robust regression procedure. This model indicates the percent change in the proportion of admissions with positive BAC over time.
Proportion of admissions with BAC>2 permille
In order to assess possible changes in the severity and clinical significance of those with positive BAC, changes over time in the proportion of admissions with BAC>2 permille among patients was investigated. We considered admissions with BAC of 2 permille or greater to be clinically significant alcohol intoxications. A robust regression model was used to indicate the percent change over time in the proportion of number of patients with BAC>2 permille relative to the total number of positive BAC.
Continuous BAC level
Age, gender, and year of observation were entered in a robust regression model to assess their association with BAC level as a continuous variable among patients with positive BAC. These predictors were chosen a priori based on the published literature and clinical experience. Because of data collection limitations, there are no detailed subject characteristics other than age, sex and date of admission. BAC level as a continuous variable could be analysed using a simple regression model. However, the distribution of BAC level deviated slightly from a normal distribution so we preferred a linear robust regression model to simple regression in order to obtain more robust parameter estimations. First, all predictor variables were tested separately, then all predictors were entered in a multivariate model. All analyses were performed with STATA 11 (StataCorp. 2009. Stata Statistical Software: Release 11. College Station, TX: StataCorp LP) with statistical significance set at alpha = 0.05 on all tests.
Results

Figure 1
Total number of positive BAC ≤1, >1 to ≤2, >2 to ≤3, >3 to ≤4, >4 permille (g of ethanol per liter) over time. BAC: blood alcohol concentration A significant increase in the percentage of admissions with a positive BAC was observed over time (robust regression, coefficient (SE) for each year of observation = 0.0022 (0.0009), p = 0.04) corresponding to a 0.22% increase in the percentage of admissions with positive BAC each year.
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There were 319,489 ED admissions recorded over the study period; 20,021 BAC tests were performed and of these, 14,359 (72%) were positive. Table 1 There were 4,951 females (34.5%) and 9,408 males (65.5%) with positive BAC and the mean (SD) age was 41.7 (16.8) . Over the ten-year period, the mean (SD) positive BAC was 2.12 (1.04) permille in the full sample, 2.18 (1.04) permille among males, and 2.01 (1.00) permille among females. The absolute number of positive BAC for five levels (≤1, >1 to ≤2, >2 to ≤3, >3 to ≤4, >4 permille) over time are presented in figure 1. The partition of positive BAC from 2002 to 2011 across five BAC levels is shown in figure 2. The proportion of "single" admissions (percentage of admissions by patients admitted only once) per year was 79.6%. The same proportion (79.1%) was seen when positive BAC admissions only were taken into account. Therefore, approximately 20% of admissions are due to patients that are readmitted to the ED, whether or not they have positive BAC.
Outcomes
Proportion of admissions with positive BAC
A Spearman rank correlation calculation showed a positive relationship between the proportion of admissions with positive BAC (positive BAC/total admissions) and time 
Continuous BAC level
The BAC level among positive patients was analysed as a continuous outcome. The following predictors were assessed: age, sex, and year of observation. The functional relationship between BAC level and age was clearly quadratic, thus an (age) 2 variable was added in the regression models. In univariate models, all variables were associated with BAC level. In the multivariate model, all predictors remained significant at alpha level 0.05. Being male was independently associated with a higher BAC (+0.19 permille), as was each year of observation. Each passing year from 2002 to 2011 was associated with an increase of 0.03 permille in mean BAC. For age, the BAC level increased to the maximum at 53 years, and then decreased. Results of the univariate and multivariable models are presented in table 2.
Discussion
Alcohol intoxication is associated with an increased risk of intentional and unintentional injuries and violence, and is therefore an important public health problem [12] . There was a significant increase in the percentage of admissions with positive BAC among patients 16 years and older admitted to a tertiary university referral center in western Switzerland between 2002 and 2011. This is consistent with prior reports elsewhere in Switzerland [11] . The proportions of positive BAC herein are higher than in other studies [9, 11] and may reflect that we did not limit our analysis to patients admitted for alcohol intoxication, but included all cases with positive BAC. Every BAC result was analysed, whether or not the patient was admitted for alcohol intoxication or for some other problem. Therefore, it should not lead to the conclusion that all the patients with a positive BAC had an alcohol-related ED admission, because it is not known if a patient would or would not have been hospitalised in the absence of being intoxicated. Since 2005, in Lausanne approximately 5% of all admissions have presented with positive BAC over 2 permille. This represents a large burden on the ED clinical teams and significant costs to society. Even though per capita alcohol use in Switzerland has decreased over the past ten years, a change has been observed in alcohol consumption patterns; there are more frequent cases of intoxication, especially among young individuals [13] . Changes in popula-
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Swiss Med Wkly. 2014;144:w13982 tion drinking patterns may explain the observed increase in the percentage of admissions with positive BAC, but it is important to remember that the observed increase was not solely among younger persons. The mean age of individuals admitted with positive BAC was over 40 years, with the maximal BAC observed at age 53. In terms of sex, there were a higher proportion of admissions with positive BAC among males, and the BAC level was higher among them. This has been documented in other studies as well [11, 14] .
Several studies have shown that admissions with positive BAC are observed mostly among middle-aged men [9, 11, 15] . Therefore, the increase in admissions with positive BAC cannot be attributed primarily to young individuals. Environmental changes in access to alcohol, greater tolerance to intoxication, and limited constraints are likely to influence drinking practices and possibly encourage alcohol intoxication. This trend is likely to apply to the entire population [16] . BAC: blood alcohol concentration ED: Emergency Department *: patients could be admitted more than once per year (including with an alcohol intoxication), so number of admissions and number of patients are provided BAC: blood alcohol concentration Note: Among BAC positive patients, the following predictors were assessed: age, sex, and year of observation. Because of a quadratic association between age and BAC level, an (age) 2 variable was added along with the age variable in regression models.
The clinical significance of alcohol intoxication is prone to vary by age, and calls for different types of interventions after immediate and urgent care have been delivered. Given the natural history of alcohol use disorders, the likelihood of an alcohol use disorder is less among younger individuals than it is among older individuals. If it is present, it is probably milder in severity [17] . Among middle-aged individuals, severe alcohol intoxications (>= 3 permille) represent more of a marker of alcohol dependence than does an isolated episode of intoxication [18] . In terms of interventions dedicated to secondary prevention, younger individuals without severe alcohol use disorders are more likely to benefit [19] . Therefore, alcohol intoxication outside of the context of alcohol dependence will call for secondary prevention measures, whereas intoxication among people with alcohol dependence will call for a more specialised type of care.
There is evidence of efficacy of secondary preventive intervention for unhealthy alcohol use, but it remains limited and applies mainly to persons identified through systematic screening. A recent study showed reductions in drinking 12 months after an intervention conducted by emergency practitioners (attending physicians and residents, physician associates and advanced practice registered nurses) at an ED among adults with hazardous and harmful drinking. This suggests that interventions delivered by ED personnel can lead to significant reductions in alcohol use among their patients [20] . Nevertheless, efficacy of brief interventions should not be generalised to populations that were not screened, and, hence, not to the population we studied in the current research. There is a lack of knowledge about effective interventions for individuals admitted to the ED for alcohol intoxication, especially among those suffering from alcohol use disorders. Additional measures or different strategies may thus be necessary for individuals hospitalised for intoxication. Liaison consults and interventions delivered by addiction specialists are among the potentially appropriate techniques [21] . The present study has several limitations. As previously mentioned, all BAC results were included and admissions with positive BAC are not necessarily related to an alcohol problem. The presence of alcohol intoxication may be identified as the result of a clinical evaluation of another health problem. There is no standardised procedure at the Lausanne ED for ordering a BAC test; it is a clinical decision that is likely to be influenced by patient context and clinician experience. Additional limitations pertain to the study design. This research was conducted at a single centre, limiting the generalisability of the results beyond western Switzerland. Additionally, the retrospective design coupled with the absence of standardised clinical procedures at admission for detecting potential alcohol intoxications makes it impossible to exclude selection bias. Clinicians may have chosen to order or to bypass BAC based on characteristics of certain patients, such as male or female, and young or old. These decisions may have influenced the results. The number of patients who refused to be tested is unknown, though BAC itself does not require consent separately from other blood tests at the Lausanne ED. In addition, we did not have access to triage or admission information within this project, so we could not determine whether patients did or did not present symptoms related to alcohol use. Moreover, court-ordered BAC could not be obtained for any of the analyses. The present study, even though it provides good information from the Lausanne ED, excludes an unknown number of patients with potentially positive BAC. Due to a retrospective design and restrictions on data collection, we do not have detailed information regarding subject characteristics beyond age, sex and date of admission. This places limits on our ability to predict BAC level. Nevertheless, we believe this research provides an important look at the change over time in admissions with positive BAC. We did see a rather large increase over time in the percentage of admissions with positive BAC, including a preponderance of male patients. This increase was not limited to younger individuals but was observed across all age categories. Given the potential harmful consequences of alcohol intoxication, the personal and societal costs of this problem and the huge burden it places on ED teams, communities should be encouraged to take measures aiming at reducing it. Strategies could include increasing alcohol taxes, limiting availability and creating more effective preventive measures [22, 23] . At the hospital level, the management of patients admitted with alcohol intoxication may require specific secondary prevention interventions or specialised interventions for individuals with alcohol use disorders [20, 21, 24] . These interventions should take into account the high proportion of admissions with positive BAC among middle-aged men and the sharp increase seen in overall admissions that may be a reflection of changes in Swiss drinking patterns.
In conclusion, admissions with alcohol intoxication are common and increasing in number. This development is problematic for ED units. Implementing appropriate responses at the hospital level that can maintain good quality of care and ease the burden on ED teams presents a challenge that calls for further research. 
Figure 2
Partition of positive BAC across 5 BAC levels: ≤1, >1 to ≤2, >2 to ≤3, >3 to ≤4, >4 permille (g of ethanol per liter of blood). BAC: blood alcohol concentration Note: The percentage of subjects in each category is indicated in the bars
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